SUMMARY Antibiotic susceptibility test reports on 1841 strains of Haemophilus infiuenzae from 25 microbiology laboratories were compared with results obtained with the same strains at The London Hospital Medical College. Of strains found to be sensitive to the antibiotics tested, 0-5% were reported as tetracycline-resistant, 1.6% as ampicillin-resistant, and 6.2% as trimethoprimresistant. Of strains found to be resistant to these antibiotics, 37% were reported as tetracyclinesensitive, 27% as ampicillin-sensitive, and 66-7% as trimethoprim-sensitive.
Determination of antibiotic resistance in
Haemophilus infiuenzae has been shown to be significantly influenced by variations in bacterial inoculum size,' growth media,2 and antibiotic content of senstivity test discs.3 New techniques such as detection of beta-lactamase production with chromogenic cephalosporin substrate4 have also become commonly used. Antibiotic sensitivity test- Table 2 . Seven out of 1514 sensitive stains (0.5%) were said to be resistant, the majority from one laboratory (U).
Of the 51 strains confirmed at LHMC to be resistant to tetracycline, 19 (37-3%) were reported to be sensitive by the sending laboratories. The centres using 10 ,ug tetracycline discs did not detect 11 of 33 resistant strains (33%); those centres using 25 ,ug and 50 ,ug discs missed 7 of 10 resistant strains (70%). There is no significant difference in detection rates between these two groups. However, of the centres testing with 10 jig discs, those using Oxoid Isosensitest agar detected 22 of 24 resistant strains (91.7%) whereas laboratories using Oxoid DST agar detected significantly fewer resistant strains (4 of 9, (44.4%); X2 = 6-13, p = <0-01). LHMC, 27 (1-6%) were reported to be ampicillin-chromogenic cephalosporin or other methods to resistant (Table 3 ). There was no correlation bet-detect beta-lactamase identified 57 of 74 betaween the antibiotic content of discs used by the lactamase producers (77%), whereas only 11 of 21 sending laboratories and the reporting of resistance (52%) were correctly identified by centres relying in sensitive strains.
on disc sensitivity testing only (X2 = 6-2, p = Of the strains found to be resistant to ampicillin at <0-01). Amongst laboratories not testing for beta-LHMC, 28 of 105 beta-lactamase producers lactamase production, those using discs containing 2 (26.7%) were reported as sensitive. Centres using ,ug and 5 ug of ampicillin detected 11 of 13 beta- In this study, participating laboratories were noted to use widely differing sensitivity test methods for Haemophilus influenzae (Table 1) . However, only a few factors were found to be of significance in terms of identifying resistant strains. There were few false reports of tetracycline resistance (0.5%); in contrast, 37% of the tetracycline-resistance strains were reported as sensitive. The reasons for this are not clear, but variations in concentrations of divalent cations are known to influence the tetracycline sensitivity test8 and a significant difference in accuracy of reporting of resistance was found between centres using Oxoid Isosensitest agar and those using Oxoid DST agar. Disc testing of a further 100 tetracycline-sensitive and resistant strains using both of these media could not confirm that there was any significant difference between them in zone sizes around 10, 25 and 50 ,ug discs.
Detection of ampicillin-resistant strains was Accuracy of methods used for susceptibility testing of Haemophilus influenzae shown to be significantly improved with the use of low content ampicillin discs containing 2 or 5 ,ug of antibiotic, and with the use of beta-lactamase detection methods such as chromogenic cephalosporin. On theoretical grounds, laboratories using betalactamase-detecting methods alone will not detect ampicillin-resistant beta-lactamase non-producers; a disc sensitivity test is required. In view of the increasing cost of chromogenic cephalosporin, laboratories may prefer to use a low content ampicillin disc test and reserve beta-lactamase detection methods for those haemophili with a diminished zone of inhibition.
Strains of H infiuenzae showing a low level of resistance to ampicillin and tetracycline were frequently reported as sensitive to the antibiotic. Whether or not infections due to these strains will respond to normal doses of antibiotic is not known. 
Strains
Isolates of H infiuenzae were sent to LHMC from 25 clinical microbiology laboratories in the United Kingdom during a three month period in 1981. Identity of these strains was confirmed using routine bacteriological techniques.
Disc sensitivity testing Pure cultures of each strain were inoculated into nutrient broth (Oxoid) supplemented with 5% Fildes' extract (Difco) . After incubation at 37°C for 5 h, 1/100 dilution in peptone water was prepared and used to seed the surface of Diagnostic Sensitivity Test agar (Oxoid) supplemented with 0-25% lysed horse blood and 10 mg/l nicotinamide adenine dinucleotide (BDH Chemicals Ltd.). Filter paper discs, 6 mm in diameter and containing 10 ,ug tetracycline, 2 ,ug ampicillin, 10 ,g chloramphenicol, 1-25 ,ug trimethroprim or 100 ,g sulphamethoxazole, were applied to the surface. The plate was incubated in an atmosphere of 95 % air and 5 % CO2 at 37°C for 18 h.
Determination of minimum inhibitory concentration
The minimum inhibitory concentrations (MICs) of the five antibiotics used for disc testing were measured for those strains showing a reduced zone diameter (less than 20 mm) to one or more of the antibiotics tested. In addition MICs were measured for any strain reported by the sending laboratory to be resistant to tetracycline or ampicillin, regardless of the result of disc testing at LHMC. An agar dilution method was used for determining MICs of all antibiotics except sulphamethoxazole. Doubling dilutions of each antibiotic were prepared in Diagnostic Sensitivity Test agar (Oxoid), supplemented with 0-25% lysed horse blood and 10 mg/l nicotinamide adenine dinucleotide; final antibiotic concentrations ranged from 0*015 to 128 mg/l. With a Denley multipoint inoculator 0.003 ml of a 1/100 dilution of a 5 h broth culture was applied to the surface of the agar. The number of organisms in the inoculum was approximately 104. The plates were incubated in an atmosphere of 95 % air and 5 % CO2 for 18 h.
Minimum inhibitory concentrations of sulphamethoxazole were determined by a broth dilution method using Iso-Sensitest broth (Oxoid) supplemented with 0 25% lysed horse blood and 10 mg/I nicotinamide adenine dinucleotide. In contrast to agar dilution methods, this produced end points that could be read without difficulty using an inoculum of 104 CFU/ml.
The regression lines for each of the antibiotics used are shown in the Figure. 
